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ELECTRIC MACHINE WITH MAGNETIC
SENSOR

BACKGROUND OF THE INVENTION

The embodiments described herein relate generally to an
clectric machine, and more specifically, to an electric
machine having a sensor.

An electric machine 1s typically 1n the form of an electric
generator or an electric motor. The machine typically has a
centrally located shaft that rotates relative to the machine.
Electrical energy applied to coils within the machine niti-
ates this relative motion which transfers the power to the
shaft and, alternatively, mechanical energy from the relative
motion of the generator excites electrical energy into the
coils. For expediency, the machine will be described here-
inafter as a motor. It should be appreciated that a machine
may operate as a generator and vice versa.

A stationary assembly, also referred to as a stator, includes
a stator core and coils or windings positioned around por-
tions of the stator core. It 1s these coils to which energy 1s
applied to mitiate this relative motion which transfers the
power to the shaft. These coils are formed by winding wire,
typically copper, aluminum or a combination thereof, about
a central core to form the winding or coil. An electric current
1s directed through the coils which induces a magnetic field.
It 1s the magnetic field that imtiates this relative motion
which transiers the power to the shaft.

For a variety of reasons including, for example, position-
ing, speed detection, and current sensing a sensor or trans-
ducer 1s used to determine the position of the rotor relative
to the stator. One such sensor used 1n electric machines 1s a
Hall effect sensor. A Hall eflect sensor 1s a transducer that
varies 1ts output voltage 1n response to a magnetic field. Hall
ellect sensors are used for proximity switching, positioning,
speed detection, and current sensing applications.

In its simplest form, the sensor operates as an analog
transducer, directly returning a voltage. With a known
magnetic field, 1ts distance from the magnetic field gener-
ating component of the rotor, typically a permanent magnet,
can be determined. Using groups of sensors, the relative
position of the magnet can be deduced.

Hall sensors are commonly used 1n brushless DC electric
motors to detect the position of the permanent magnet. For
two equally spaced magnets, the voltage from the sensor will
peak twice for each revolution. This arrangement 1s com-
monly used to regulate the speed of electric motors. Hall
sensors are helptul to provide high starting torque in Elec-
tronically Commutated Permanent Magnet Motors, also
known as ECPM motors.

Placing the Hall sensors close to the magnets 1s important
to obtain a suflicient signal to the Hall sensors. Finding a
rigid mounting for the Hall sensors close to the magnets 1s
a challenge, particularly without compromising compact
packaging of the motor.

The present invention 1s directed to alleviate at least some
of these problems with the prior art.

BRIEF DESCRIPTION OF THE INVENTION

According to an embodiment of the invention, an electric
machine 1s provided. The machine 1includes a support struc-
ture and a stator secured to the support structure. The
machine also includes a rotor rotatably secured to the
support structure. The rotor defines a wall of the rotor. The
machine also includes a sensor secured to the support
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structure and adapted to cooperate with the wall of the rotor
to sense the position of the rotor relative to that of the stator.

According to an aspect of the present invention, the
clectric machine may be provided wherein the support
structure 1ncludes one of a housing and a mid shield and
wherein the sensor 1s secured to one of the housing and the

mid shield.

According to another aspect of the present invention, the
clectric machine may further include a circuit board secured
to the support structure and may be provided wherein the
sensor 15 secured to the circuit board.

According to a further aspect of the present invention, the
clectric machine may be provided wherein the sensor
includes a supporting portion. The supporting portion 1is
secured to the circuit board.

According to another aspect aspect of the present inven-
tion, the electric machine may be provided wherein the
circuit board defines opposed generally planar faces and
wherein the sensor extends through the circuit board from
one of the planar faces to the other of the planar faces

According to a further aspect of the present invention, the
rotor may include a rotor core and the electric machine may
further include a magnet secured to the rotor core.

According to another aspect of the present invention, the
clectric machine may be provided wherein the rotor core
defines a first end of the core that includes at least a portion
generally normal to a rotational axis of the rotor and wherein
at least a portion of the magnet extends 1n an axial direction
outwardly from the first end of the rotor core. The surface of
the portion of the magnet may extend beyond the first end of
the rotor core defining the wall of the rotor.

According to another aspect of the present invention, the
clectric machine may be provided wherein the portion of the
magnet extending beyond the first end of the rotor core
defines opposed inner and outer faces and wherein one of the
inner face and the outer face defines the wall of the rotor.

According to another aspect of the present invention, the
clectric machine may be provided wherein the inner face
defines the wall of the rotor.

According to another aspect of the present invention, the
clectric machine may be provided wherein the magnet
defines the wall of the rotor.

According to another aspect of the present invention, the
clectric machine may be provided wherein the magnet
defines a first end thereol generally normal to a rotational
axis of the rotor and wherein the first end defines the wall of
the rotor.

According to another aspect of the present invention, the
clectric machine may be provided wherein the magnet
extends outwardly 1 an axial direction beyond the rotor
core.

According to another aspect of the present invention, the
clectric machine may be provided wherein the magnet
extends 1n an axial direction beyond the rotor core a distance
of 0.1 to 0.5 inches.

According to another aspect of the present invention, the
clectric machine may be provided wherein the portion of the
magnet extending beyond the rotor core defines a radial
thickness, wherein the magnet extends 1n an axial direction
beyond the rotor core an extension distance, and wherein the
extension thickness 1s from % to twice the extension dis-
tance.

According to another aspect of the present invention, the
clectric machine may be provided wherein the sensor defines
a transducer that varies 1ts output voltage 1n response to a
magnetic field.
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According to another embodiment of the present inven-
tion, a sensor for use 1n an electric machine having a support
structure, stator and a rotor having a wall 1s provided. The
sensor mcludes a supporting portion adapted to be secured
to the support structure and a sensing portion adapted to
cooperate with an inner wall of the rotor to sense the position
of the rotor relative to that of the support structure.

According to another aspect of the present invention, the
sensor defines a transducer that varies its output voltage 1n
response to a magnetic field.

According to another embodiment of the present mnven-
tion, a method for determining the relative position of a rotor
with respect to a stator 1 an electric machine 1s provided.
The method includes the steps of providing a support
structure, providing a stator, securing the stator to the
support structure, providing a rotor defining an inner wall
thereol, rotatably securing the rotor to the support structure,
providing a sensor, and securing the sensor to the support
structure such that the sensor cooperates with the wall of the
rotor to sense the position of the rotor relative to that of the
stator.

According to another aspect of the present invention, the
method turther includes the steps of providing a magnet and
securing the magnet to the rotor.

According to another aspect of the present invention, the
method may be provided wherein the step of securing the
magnet to the rotor comprises securing the magnet to the
rotor such that the magnet extends i an axial direction
beyond the face of the rotor such that the portion of the
magnet extending beyond the face of the rotor defines the
wall of the rotor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial perspective view of an embodiment of
the present invention in the form of an electric machine;

FIG. 2 1s an exploded perspective view of the electric
machine of FIG. 1;

FI1G. 3 1s a partial perspective view of the electric machine
of FIG. 1 showing the sensor assemblies 1n greater detail;

FIG. 3A 1s a partial cross sectional view of the electric
machine of FIG. 1 showing the sensor 1n close cooperation
with the inner periphery magnet of the rotor.

FIG. 3B 1s a partial cross sectional view of another
embodiment of an electric machine according to the present
invention showing the sensor in close cooperation with the
end of the magnet of the rotor.

FIG. 3C 1s a partial cross sectional view of the electric
machine of FIG. 1 showing the sensor in close cooperation
with the outer periphery of the magnet of the rotor.

FIG. 4 1s a perspective view of the rotor of the electric
machine of FIG. 1;

FIG. 5 1s a perspective view of the electric machine of
FIG. 3B showing the rotor without overhung magnets;

FIG. 6 1s a perspective view of a midshield subassembly
for use 1 the electric machine of FIG. 1 including a
midshield and a circuit board;

FIG. 7 1s another perspective view of the midshield

subassembly of FIG. 6;

FIG. 8 a perspective view of a circuit board subassembly
for use 1n the electric machine of FIG. 1;

FIG. 9 1s another perspective view of the circuit board
subassembly of FIG. 8 showing the sensors 1n greater detail;

FIG. 10 1s a perspective view of a sensor subassembly for
use 1n the electric machine of FIG. 1;
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FIG. 11 1s a perspective view of another embodiment of
the present invention in the form of an electric machine with
a individual wires mnstead of a wiring harness; and

FIG. 12 1s a flow chart of another embodiment of the
present invention in the form of a method for providing an
electric machine.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The electric machine typically includes a housing for
containing and supporting a stator which 1s excited by an
clectrical source that excites an electromagnetic field 1n coils
in the stator. The coils interact with a rotor rotatably sup-
ported 1n the housing to provide the mechanical rotational
energy for the electrical machine.

Hall sensors are commonly used 1n brushless DC electric
motors to detect the position of the permanent magnet. This
arrangement 1s commonly used to regulate the speed of
clectric motors. Hall sensors are helpiul to provide high
starting torque in Electronically Commutated Permanent
Magnet Motors, also known as ECPM motors.

Placing the Hall sensors close to the magnets 1s important
to obtain a suflicient signal to the Hall sensors. Finding a
rigid mounting for the Hall sensors close to the magnets 1s
a challenge, particularly without compromising compact
packaging of the motor.

Inexpensive and reliable rigid mounting for the Hall
sensors close to the magnets in an electric machine 1s
desirable 1n the design and manufacture of such electric
machines. The method, systems and apparatus described
herein facilitate mnexpensive and reliable rigid mounting for
the Hall sensors close to the magnets of an electric motor.
Designs and methods are provided herein to facilitate iex-
pensive and reliable rigid mounting for the Hall sensors
close to the magnets of an electric motor.

Technical effects of the methods, systems, and apparatus
described herein include at least one of reduced cost,
improved serviceability, improved performance and quality
and reduced labor costs.

According to an embodiment of the present invention and
referring to FIG. 1, an electric machine 12 1s provided. The
clectric machine 12 may be an electric motor or an electric
generator, but heremnafter will be described as an electric
motor 12. It should be appreciated that the electric motor
may be used to power any mechanism, for example, a pump,
a cyclic drive, a compressor, a vehicle, a fan or a blower.

The electric motor 12 typically includes a centrally
located motor shait 14 that rotates relative to the motor 12.
Electrical energy applied to coils 15 within the motor 12.
The coils generate an electromagnetic field that cooperates
with a magnetic field 1n rotor 13 mounted to the motor shaft
14. The coils 15 mnitiate relative motion between the shaft 14
and the motor 12 that transiers the power from the coils to
the shaft 14.

A stationary assembly 16, also referred to as a stator,
includes stator core 11 and coils 15 or windings positioned
around portions of the stator core. It 1s these coils to which
energy 1s applied to imitiate this relative motion which
transiers the power to the shait. These coils 15 are formed
by winding wire (not shown), typically copper, aluminum or
a combination thereof, about a central core to form the
winding or coil. An electric current 1s directed through the
coils 15 which induces a magnetic field. It 1s the magnetic
field that mitiates this relative motion which transfers the
power to the shaft 14. The stator core 11 typically includes
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a plurality of stator core laminations 19 that define stator
teeth 21 around which the coils 15 are wound.

Typically the motor 12 includes a housing 17 having an
inner wall or surface that defines a motor cavity therein. The
housing 17 may include a plurality of components and may
be made of a suitable durable material, for example a metal,
a polymer or a composite. The housing 17 may, as shown,
include a cylindrical shell 18 and first end cap 23 and second
end cap 25.

It should be appreciated that the housing of the motor may
have any suitable shape. One common shape of as motor
housing 1s that of a cylindrical solid, having a generally
cylindrical cross section. The shaft on a motor with such a
shape generally extends from an end of the motor.

Referring again to FIG. 1, the motor 12 may have any
suitable size and shape and may be, for example, an induc-
tion motor, a permanent-split capacitor (PSC) motor, an
clectronically commutated motor (ECM) motor, or a
switched reluctance motor. The housing 17 may include
protrusions, for example fins (not shown), for dissipation of
heat. The motor 12 may also include a fan (not shown)
positioned within housing 17.

As shown 1n FIG. 2, the motor 12 includes a sensor 10.
The sensor 10 1s used to detect the presence of a magnet 26
as the magnet 26 rotates in the rotor 13 pass the sensor 10.
The sensor 10 can thus be used 1n any motor that includes
magnets (and for those that produce electromagnetic fields
from electromagnetic coils mounted on a rotor). Thus the
sensor 10 can be used with, for example, an induction motor,
a permanent-split capacitor (PSC) motor, an electronically
commutated motor (ECM) motor, or a switched reluctance
motor. The number of passes of the magnets 26 pass the
sensor 10 1 a given time can be used to determine the
rotational speed of the motor. For varniable speed motors the
sensor 10 may be used with feedback and logic to provide
for variable speed to the motors and for very accurate speed
control.

ECM motors utilize electronics, including logic circuits to
time commutation of the motor to obtain variable desired
speeds for the motor. ECM motors may be able to provide
these variable desired speeds without any sensors in the
motor. Various techniques may be used to obviate the need
for a sensor. However, the absence of a sensor may result 1n
a motor with less starting torque than 1ts intended applica-
tion needs. Sensors are helpiul to provide high starting

torque 1n FElectronically Commutated Permanent Magnet
Motors, also known as ECPM motors.

As shown 1n FIG. 1, the motor 12 includes a magnet 1n the
form of a permanent magnet 26. The sensor 10 may be used
to regulate the speed of electric motors and may be used in
conjunction with the control logic in ECPM motors to
provide for a variable speed with high starting torque.

According to an embodiment of the invention and refer-
ring again to FIG. 1, an electric machine m the form of a
motor 12 includes a support structure 20 with the stator 16
secured to the support structure 20. The machine also
includes the rotor 13 rotatably secured to the support struc-
ture 20. The rotor 13 defines a wall 24 of the rotor 13. The
motor 12 also includes the sensor 10 secured to the support
structure 20 and adapted to cooperate with the wall 24 of the
rotor to sense the position of the rotor 13 relative to that of
the stator 16.

The sensor may be any sensor capable of sense the
position of the rotor 13 relative to that of the stator 16. Since,
as shown in FIG. 1, the motor 12 includes a magnet 1n the
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form of permanent magnet 26, the sensor can be a sensor
capable of sensing a magnet field produced by the magnet
26.

One such magnet field sensing sensor 1s in the form of a
transducer that varies its output voltage in response to the

[

magnetic field. One such transducer 1s known as a Hall effect
transducer or Hall eflect sensor.

While the motor 12 may benefit from a solitary sensor 10,
as shown in FIGS. 1-3, the motor 12 includes a plurality of
sensors. As shown the motor 12 includes three sensors 10.
Each of the sensors can be used to measure the magnetic
field at different angular positions of the stator 16. The
sensors can be equally spaced around the motor or be
positioned wherever space permits.

Referring again to FIG. 2, the support structure 20 of the
motor 12 may be any component or combination of com-
ponents capable of providing support for other components
of the motor 12. For example, the support structure 20 may
include, individually or 1n any combination, the housing 17,
the shell 18, first or upper end cap 23 (see FIG. 2), second
or lower end cap 25 (see FIG. 2), the stator 16 and mad shield
22. The mad shield 22, as shown 1n FIG. 1, provides central
support for the shell 18 and may be considered to be a part
of the housing 17. The support structure may be used to
separate the main functional motor components, such as
rotor 13 and stator 16 from motor control circuitry or
clectronics 28.

The support structure 20 includes the housing 17, the shell
18, the end caps 23 and 25, the stator 16 and mid shield 22
may be made of any suitable durable materials and may, for
example, be made of metals, composites or polymers. The
support structure and its components may be for example,
drawn, forged, stamped, cast, extruded, formed or machined.
If made of a metal or metals the components may be, for
example, made of 1ron, steel, aluminum, or a composite
thereof.

As shown 1 FIGS. 2 and 3. The sensor 10 may be secured
to the motor 1n any suitable fashion. The sensor 10, to
cooperate with the rotor 13, 1s preferably fixed secured to the
support structure 20, directly or indirectly. For example, the
sensor 10 may be secured to the housing 17 or to the mid
shueld 22.

While the sensor 10 may be secured directly to the support
structure 20, to more easily reach a position 1n close prox-
imity to the wall 24 of the rotor 13, the motor 12 includes
a sensor mount 30 to mount the sensor 10 to the support
structure 20. The sensor mount 30 may be any structure to
assist 1n positioning the sensor 10 adjacent the wall 24.

For example and as shown in FIGS. 2 and 3, sensor mount
30 may include a support plate, for example a circuit board
32. The circuit board 32 may be directly or indirectly
secured to the support structure 20. The sensor 10 may be
secured to the circuit board 32, either directly or indirectly.

The circuit board 32 may have any suitable shape and be
made of any suitable materials. The circuit board 32 may be
made of typical circuit board materials, typically a polymer.
The circuit board may have a first planar surtace 34 and an
opposed second planar surface 36.

While the sensor 10 may be directly secured to the circuit
board, to more easily reach a position 1n close proximity to
the wall 24 of the rotor 13, as shown 1n FIG. 3, the sensor
10 1includes a supporting portion 38 for supporting the sensor
10. The supporting portion 38 may be secured to the circuit
board 32. The supporting portion 38 may be considered a
portion of the circuit board or as an entirely separate
component.
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It should be appreciated that the supporting portion 38
may extend from the first planar surface 34, or as shown, the
supporting portion 38 may extend through the circuit board
32 from the first planar faces 34 to the second planar face 36.

As shown 1 FIGS. 2 and 4, the electric motor 12 may
turther include the magnet 26 secured to the rotor 13. While
a solitary magnet 26 may be used, the number of magnets
should correspond by a formula to the number of coils 15 1n
the stator 16 and the number of phases of the motor 12. For
example and as shown 1n FIGS. 1-9, the motor 12 is a three
phase motor and has three magnets 26 and coils 15.

Referring to FIG. 4, the magnets 26 may be any made of
any material that may be permanently magnetized and may,
for example, be made of ferrite or of a rare earth material,
such as neodymium. The magnets 26 are positioned on rotor
core 40 which may be made of rotor laminations 42 fitted
onto motor shaft 14. The magnets 26 may be secured by for
example fasteners, tabs or other mechanical mechamism or
may be secured by adhesives.

The magnets may have any suitable shape and are, as
shown 1n FIG. 4, since they are positioned on the cylindrical
periphery 44 of the rotor core 40, have an arcuate shape
comiorming to the cylindrical periphery 44 of the rotor core
40. The magnets 26 may extend over most of the periphery
44 of the rotor core 40.

As shown 1n FIGS. 2 and 4, the electric motor 12 includes
the rotor 13 which defines face 24 of rotor 13. The face 24
of rotor 13 cooperates with the sensor 10 to determine the
angular position of the rotor 13 with respect to the stator 16.

As shown 1n FIGS. 2 and 4, the face 24 that cooperates
with the sensor 10 1s a part of magnet 26. The closer the
magnet 1s to the sensor, the stronger the magnetic force and
the resulting magnetic signal to the sensor. Thus, there 1s an
advantage 1n making the magnet very close to the sensor.

As shown 1n FIGS. 3A, 3B and 3C, the face that coop-
crates with the sensor may be positioned at different loca-
tions on the magnet.

For example and as shown 1n FIG. 3B and FIG. §, another
embodiment of the invention 1s shown as electric motor 12B
in which sensor 10B 1s positioned adjacent an end face 48B
of magnet 268 mounted onto rotor core 40B. The end face
48B serves as the rotor face 24B and cooperates with the
sensor 10B. While this arrangement may provide for a
conveying of signal from the magnet 26B to the sensor 10B,
the signal may be weak since the magnet 268 transmits its
magnetic field along flux lines 50B that are more dense
along inner periphery 52B of the magnet 26B and along
outer periphery 54B of the magnet 26B than along the end
tace 48B of magnet 26B. Further the sensor 10B has a sensor
width BSW that may be greater than the magnet thickness
BMT further reducing the signal strength.

Referring now to FIG. 5, the motor 12B 1s shown with the
sensor removed. Since the sensor 1s positioned adjacent an
end face 48B of magnet 268B mounted onto rotor core 40B,
the magnet 26B needs not extend past outer face 56B of
rotor core 40B.

For example and as shown 1n FIG. 3C another embodi-
ment of the mvention 1s shown as electric motor 12C 1n
which sensor 10C 1s positioned adjacent an outer face or
outer periphery 52C of magnet 26C mounted onto rotor core
40C. The outer face 52C serves as the rotor face 24C and
cooperates with the sensor 10C. This arrangement may
provide for an improved conveying of signal from the
magnet 26C to the sensor 10C, as the signal may be stronger,
since the magnet 26C transmits 1ts magnetic field along flux
lines 50C that are more dense along outer periphery 52C of
the magnet 26C than along the end face 48B of magnet 26B
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of FI1G. 3B. Further the sensor 10C has a sensor width CSW
that less than the magnet length CML further improving the
signal strength. This arrangement however requires that the
stator 16C be narrower to accommodate locating of the
sensor 10C on the outer face 52C of magnet 26C.

As shown 1n FIGS. 1-3 and 4-8 and referring now to FIG.
3 A the sensor 10 of electric motor 12 1s shown positioned
adjacent an inner face or iner periphery 34 of magnet 26
mounted onto rotor core 40. The inner face 34 serves as the
rotor face 24 and cooperates with the sensor 10. This
arrangement provides for an improved signal conveyed from
the magnet 26 to the sensor 10, as the signal 1s stronger since
the magnet 26 transmuits 1ts magnetic field along flux lines 50
that are more dense along 1nner face or inner periphery 54
of the magnet 26 than along the end face 48B of magnet 26B
of FIG. 3B. Further the sensor 10 has a sensor width SW that
less than the magnet length ML further improving the signal
strength. This arrangement has the benefit over the motor
12C of FIG. 3C of not requiring that the stator 16C be
narrower to accommodate locating of the sensor 10 on the
outer face 50 of magnet 26. The rotor core 40, however, must
be shortened to provide a location for the sensor 10.

As shown 1n FIGS. 3 and 3 A, the magnet 26 extends in an
axial direction beyond outer face 56 of the rotor core 40 to
form magnet overhung portion 58. The magnet overhung
portion 58 permits the sensor 10 to be optionally positioned
adjacent either the outer face 52 of magnet 26 or against
inner face 54 of magnet 26. The magnet overhung portion 58
1s defined by an axially extending overhung length OH from
end face 48 of magnet 26 to the outer face 56 of the rotor
core 40. The overhung length OH 1s preferably selected to
provide a suflicient magnetic flux and resultant magnetic
field signal to provide a sufliciently strong signal to the
sensor 10 to properly measure the rotational position of the
rotor 13 with respect to the stator 16. The overhung length
OH 1s further preferably selected with consideration of
keeping the axial length of the motor from becoming too
great.

For example, the overhung length OH may be distance of
0.1 to 0.5 inches, a distance of greater than 0.2 inches, a
distance of less than 1 inch, a distance of less than 0.5 inches
or a distance of less than 1.0 inch.

The electric motor 12 may be provided wherein the
portion of the magnet extending beyond the outer face 56 of
the rotor core 40 defines an overhung radial thickness ORT
from inner face 54 to outer face 52. The overhung radial
thickness ORT of the magnet 26, may, for example, be from
one fourth to six times the overhung length OH, from one
tenth to one half the overhung length OH, greater than one
tenth the overhung length OH, or less than one half the
overhung length OH of the magnet 26.

Referring again to FI1G. 4 rotor assembly 60 1s shown. The
rotor assembly 60 1s used in motor 12 of FIGS. 1-3. The
rotor assembly 60 includes shait 14. The shait 14 may, as
shown be generally cylindrical and may include external
threads 62 for assistance in securing, for example, a pulley,
sheave or gear to drive mechanism (not shown). The shait 14
serves to support the rotor core 40 which, as shown, may be
made of a series of rotor core laminations 42. The shait 12
and rotor core 40 may be made of any suitable materials by
any suitable manufacturing process. The shaft 12 may for
example be formed or machined from a metal and the
laminations 42 may be stamped from sheet metal. The rotor
core laminations 42 may include voids or passageway 64
that may be circular or have any other shape. The passage-
ways reduce material weight and provide for a fluid path for
cooling of the rotor core 40.




US 9,698,647 B2

9

Referring again to FIG. 2, the rotor assembly 60 1s shown
in an exploded view of the motor 12. The rotor assembly 60
1s secured to motor 12 by a pair of bearings 66 mounted
respectively to lower end cap 21 and midshield 22.

Referring now to FIGS. 6 and 7 midshield assembly 68 1s
shown. The midshield assembly 68 1s used in motor 12 of

FIGS. 1-3. The midshield assembly 68 includes midshield
22 and a circuit board 32 secured to the midshield 22. The
circuit board 32 may be directly connected to midshield 22,
or as shown, the midshield assembly 68 may include risers
70 to position the circuit board 32 1n a spaced apart rela-
tionship with the midshield 22. As shown the sensors 10 are
supported by circuit board 32 directly, or as shown by the
sensor mounts 30.

The midshield 22 may be made of any durable material by
any manufacturing process, for example the midshield may
be cast from an aluminum alloy. The circuit board 32 may
be made of any durable material by any manufacturing
process, for example, the circuit board 32 may be made of
a polymer or a composite. The circuit board 32 may be
secured 1n any fashion to the midshield and may as shown
be secured by fasteners, for example by screws 72.

Referring again to FIG. 1 the midshield assembly 68 may
be secured to the motor 12 at the shell 18 and by axially
extending fasteners 74 extending from the lower end cap 21
to the midshield 22.

Referring now to FIGS. 8 and 9 circuit board assembly 76
1s shown. The circuit board assembly 76 1s used in motor 12
of FIGS. 1-3. The circuit board assembly 76 includes circuit
board 32 from which sensor mounts 30 extend. Sensors 10
are mounted on sensor mounts 30. A wiring harness 77 may
be mounted to the circuit board 32 and may be used to
clectrically connect the sensors 10 to motor controller 79.

Referring now to FIG. 10, the sensor 10 for use in an
clectric motor 12 1s shown. The sensor 10 1s utilized 1n the
clectric motor 12 of FIGS. 1-3. The electric motor 12 has a
support structure 20, stator 16 and a rotor 13 having a wall
24 (see FI1G. 1). The sensor 10 includes a supporting portion
or sensor mount 30 adapted to be secured to the support
structure 20 and a sensing portion 78 adapted to cooperate
with the wall 24 of the rotor 13 to sense the position of the
rotor 13 relative to that of the support structure 20. The
sensor 10 may be any sensor capable of sensing a magnetic
field. For example the sensor 10 may be a transducer that
varies 1ts output voltage 1n response to a magnetic field, for
example a Hall eflect transducer or sensor.

Referring now to FIG. 11 another embodiment of the
present invention 1s shown 1n the form of electric motor 112.
The electric motor 112 1s similar to motor 12 of FIGS. 1-4,
except electric motor 112 includes individual wires 177
instead of a wiring harness, like wiring harness 77 of the
motor 12 of FIG. 10.

Referring now to FIG. 12, another embodiment of the
present invention 1s shown 1n the form of method 200. The
method 200 1s used for determining the relative position of
a rotor with respect to a stator i an electric machine. The
method includes step 210 of providing a support structure
and step 212 of providing a stator. The method further
includes step 214 of securing the stator to the support
structure and step 216 providing a rotor defining an inner
wall thereof. The method also includes step 218 of rotatably
securing the rotor to the support structure and step 220 of
providing a sensor. The method also includes step 222 of
securing the sensor to the support structure such that the
sensor cooperates with the wall of the rotor to sense the
position of the rotor relative to that of the stator.
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According to another aspect of the present invention, the
method 200 may further include a step of providing a
magnet and a step of securing the magnet to the rotor.

According to another aspect of the present invention, the
method may be provided wherein the step of securing the
magnet to the rotor comprises securing the magnet to the
rotor such that the magnet extends in an axial direction
beyond the face of the rotor such that the portion of the
magnet extending beyond the face of the rotor defines the
wall of the rotor.

The methods, systems, and apparatus described herein
facilitate efficient and economical assembly of an electric
machine. Exemplary embodiments of methods, systems, and
apparatus are described and/or illustrated herein in detail.
The methods, systems, and apparatus are not limited to the
specific embodiments described herein, but rather, compo-
nents of each apparatus and system, as well as steps of each
method, may be utilized independently and separately from
other components and steps described herein. Each compo-
nent, and each method step, can also be used 1n combination
with other components and/or method steps.

When introducing elements/components/etc. of the meth-
ods and apparatus described and/or illustrated herein, the
articles “a”, “an”, “the”, and *“‘the” are intended to mean that
there are one or more of the element(s)/component(s)/etc.
The terms “‘comprising”, “including”, and “having” are
intended to be inclusive and mean that there may be addi-
tional element(s)/component(s)/etc. other than the listed
clement(s)/component(s )/etc.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing
any 1ncorporated methods. The patentable scope of the
invention 1s defined by the claims, and may include other
examples that occur to those skilled 1n the art. Such other
examples are intended to be within the scope of the claims
if they have structural elements that do not differ from the
literal language of the claims, or if they include equivalent
structural elements with nsubstantial differences from the
literal language of the claims.

Described herein are exemplary methods, systems and
apparatus utilizing lower cost materials 1n a permanent
magnet machine that reduces or eliminates the efliciency
loss caused by the lower cost material. Furthermore, the
exemplary methods system and apparatus achieve increased
elliciency while reducing or eliminating an increase of the
length of the machine. The methods, system and apparatus
described herein may be used 1n any suitable application.
However, they are particularly suited for HVAC and pump
applications.

Exemplary embodiments of the fluid flow device and
system are described above 1n detail. The electric machine
and 1ts components are not limited to the specific embodi-
ments described herein, but rather, components of the sys-
tems may be utilized independently and separately from
other components described herein. For example, the com-
ponents may also be used in combination with other
machine systems, methods, and apparatuses, and are not
limited to practice with only the systems and apparatus as
described herein. Rather, the exemplary embodiments can
be implemented and utilized 1n connection with many other
applications.

Although specific features of various embodiments of the
disclosure may be shown in some drawings and not 1n
others, this 1s for convenience only 1n accordance with the
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principles of the disclosure, any feature of a drawing may be
referenced and/or claimed 1n combination with any feature
ol any other drawing.

This written description uses examples to disclose inven-
tion. In the best mode, and also to enable any person skilled
in the art to practice the mvention, including making and
using any devices or systems and performing any 1ncorpo-
rated methods. The patentable scope of the invention 1s
defined by the claims, and may 1nclude other examples that
occur to those skilled i the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal lan-
guage of the claims, or 1f they include equivalent structural
clements with insubstantial differences from the literal lan-
guages of the claims.

What 1s claimed 1s:

1. An electric machine, comprising;:

a support structure;

a circuit board secured to said support structure;

a stator secured to said support structure;

a rotor rotatably secured to said support structure, said
rotor defining an axis of rotation thereof, said rotor
defining a wall thereof, said rotor includes a rotor core
and further comprising a magnet secured to said rotor
core; and

a sensor secured to said circuit board and adapted to
cooperate with said magnet to sense the position of the
rotor relative to that of said stator, wherein said magnet
extends outwardly 1n a direction parallel to the axis of
rotation of the rotor beyond the rotor core, wherein said
sensor defines a sensor surface thereof, wherein said
magnet defines a sensor cooperating surface thereof,
and wherein the sensor surface of said sensor and the
sensor cooperating surface of said magnet face each
other with no other elements between each other,
wherein the portion of said magnet extending beyond
said rotor core defines opposed 1nner and outer magnet
surfaces; and wherein one of the mner magnet surface
and the outer magnet surface defines sensor cooperat-
ing surface of said magnet.

2. The machine as in claim 1, wherein the outer magnet
surface defines the sensor cooperating surface of said mag-
net.

3. The machine as in claim 1, wherein the inner magnet
surface defines the sensor cooperating surface of said mag-
net.

4. An electric machine, comprising:

a support structure;

a circuit board secured to said support structure;
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a stator secured to said support structure;

a rotor rotatably secured to said support structure, said
rotor defining an axis of rotation thereof, said rotor
includes a rotor core having an end face and further
comprising a magnet secured to said rotor core; and

a sensor secured to said circuit board and adapted to
cooperate with said magnet to sense the position of the
rotor relative to that of said stator, wherein said sensor
defines a sensor surface thereof, wherein said magnet
defines a sensor cooperating surface thereof, and
wherein the sensor surface of said sensor and the sensor
cooperating surface of said magnet face each other with
no other elements between each other; wherein the
magnet defines a first end thereof generally normal to
the axis of rotation of said rotor; wherein the end face
of said magnet defines the sensor cooperating surface
of said magnet; wherein the portion of said magnet
extending beyond the end face of the rotor core defines
a convex outer magnet surface; and wherein the convex
outer magnet surface defines the sensor cooperating
surface of said magnet.

5. An electric machine, comprising:

a support structure;

a circuit board secured to said support structure;

a stator secured to said support structure;

a rotor rotatably secured to said support structure, said
rotor defining an axis of rotation thereof, said rotor
includes a rotor core having an end face and further
comprising a magnet secured to said rotor core; and

a sensor secured to said circuit board and adapted to
cooperate with said magnet to sense the position of the
rotor relative to that of said stator, wherein said sensor

defines a sensor surface thereof, wherein said magnet
defines a sensor cooperating surface thereof, and
wherein the sensor surface of said sensor and the sensor
cooperating surface of said magnet face each other with
no other elements between each other; wherein the
magnet defines a first end thereof generally normal to
the axis of rotation of said rotor; wherein the end face
of said magnet defines the sensor cooperating surface
of said magnet; wherein the portion of said magnet
extending beyond end face of the rotor core defines a
concave magnetic surface; and wherein the concave
magnetic surface defines the sensor cooperating surface
of said magnet.



	Front Page
	Drawings
	Specification
	Claims

